The chemical composition of the essential oils obtained from the dried leaves of five species of the genus Eucalyptus (E. camaldulensis, E. deglupta, E. grandis, E. torelliana, E. urophylla) growing in Côte d'Ivoire, was analyzed by means of GC and GC/MS. The density and the refractive index were measured. The major components of all these oils are: α-pinene, β-pinene, α-phellandrene, limonene, γ-terpinene, p-cymene and β-caryophyllene. The particularity of these oils is their monoterpene hydrocarbons major components.
INTRODUCTION
The genus Eucalyptus is native from Australia but it is presently spread all over the word. It is one of the Myrtaceae family which comprises about 800 species [1] . Experimental plantations of Eucalyptus were setting up nearly Abidjan (Côte d'Ivoire). The essential oils of some of these species have been widely studied. The genus Eucalyptus essential oils are widely used all over the word as spices, flavors, perfumes industrial raw materials and pharmaceutical [2] . Kambu et al. have reported the insecticidal and carminative properties of the essential oil of some Eucalyptus species [3] . Others Eucalyptus essential oils have been reported to reveal antimicrobial properties [4, 5] . Eucalyptus deglupta Blume is a huge evergreen tree of up to 60 (max. 75) m tall; bole generally of good form; 50% -70% of the tree height, up to 240 cm in diameter.
E. deglupta is used to a limited extent for firewood and charcoal. However, it is normally considered too valuable for firewood. Eucalyptus grandis W. Hill ex Maiden (flooded gum) is a fast growing, tall to very tall straight-trunked tree. The specie has been widely planted for paper pulp, poles and sawn timber [6] . Eucalyptus urophylla is a medium-sized to tall tree reaching 35 -55 m in height, with a straight bole, up to 200 cm in diameter. Eucalyptus torelliana, F. Muell is native of rainforest and rainforest margins in northern Queensland. Tree is up to 30 m high. Eucalyptus camaldulensis Dehnh is one the smallest trees (5 -20 m high) of the genus Eucalyptus with bark smooth, white, powdered [6] . Camara et al. have revealed an antifungal activity of the dried leaves essential oil of Eucalyptus platyphylla against Deightoniella torulosa, the banana plantain leaves fungi [7] . Eucalyptus camaldulensis oil, rich in 1,8-cineole, has been widely studied throughout the word [8] [9] [10] [11] [12] [13] . The essential oils of Eucalyptus deglupta, Eucalyptus grandis, Eucalyptus urophylla and Eucalyptus torelliana are less studied. Eucalyptus torelliana from Benin was found to contain α-pinene (18%), (14%) and spathulenol (16%) [14] . It was also reported that α-pinene (50%) was the major constituent of a sample of Eucalyptus torelliana oil from Mali [15] . From Congo-Brazzaville Loumouamou et al. have reported a very rich α-pinene (78%, 1%) sample of E. torelliana [16] . From Brazilian Cerrado the major components of the oil of E. grandis are p-cymene (14%, 5%), isoleptopermone (13%, 2%) 1,8-cineole (5%, 5%) [17] . Jeane Silva et al. have reported an analgesic and anti-inflammatory effects of a Brazilian sample of E. grandis essential oil rich in monoterpenic hydrocarbons (α-pinene, γ-terpinene), p-cymene) [12] . The Marocco oil was found to contain p-cymene (23%, 2%), 1,8-cineole (20%, 43%) and α-pinene (14%, 74%) [13] . The Nigerian E. grandis oil contained a-pinene (30%, 4%), terpinen-4-ol (10%, 7%), E-β-ocimene (9%, 4%), borneol (8%, 4%) and α-terpineol (8.0%) [1] . The major components of E. grandis and E. urophylla oils from Ethiopia were respectively α-pinene (44%, 7%), α-pinene (30%, 5%) and, limonene (9%, 8%), β-pinene (9%, 1%) [19] . The Brazilian Cerrado E. urophylla essential oil contained 1,8-cineole (44%, 7%), α-pinene (15%, 6%), α-terpenyl acetate (11%, 7%) [17] Cimanga et al. have reported the chemical composition of the essential oils of E. deglupta and E. urophylla from the Democratic Republic of Congo. The major components of E. deglupta and E. urophylla are respectively 1,8-cineole (35%, 7%), cryptone (25%, 4%) and 1,8-cineole (57%, 7%), α-pinene (10%, 1%) [11] .
As part of our on-going research on the essential oils of the medicinal and aromatic plants from Côte d'Ivoire, the present investigation concern the detailed analyses of the leaf oils of E. camaldulensis, E. deglupta, E. grandis, E. torelliana and E. urophylla in order to compare them to other studies reported for the same species from various parts of the world. To the best of our knowledge, the oils of E. camaldulensis, E. deglupta and E. urophylla with monoterpenes hydrocarbons as major components have not been reported previously.
EXPERIMENTAL
Plant material: The leaves of E. deglupta, E. torelliana and E. urophylla were collected from the campus of University of Cocody-Abidjan. E. camaldulensis, and E. grandis leaves were collected from the Sodefor plantations near Abidjan.
Oil isolation: Leaves collected were dried for one week and 200 g of each dried leaf were submitted to hydrodistillation with Clevenger apparatus for 3 h. Refractive index and density were determined respectively with CONVEX and APPAR DMA 45 apparatus.
Analysis: The essential oil samples were analyzed by gas chromatography and gas chromatography/mass spectrometry. GC: Analyses were carried out on a Delsi DI200 apparatus using the following conditions D8-5 column (25 m × 0.25 mm, 0.25 mm film thickness); flame ionization detector, Split: 60 mL/min, N 2 as carrier, temperature program: 50˚C -220˚C, rate: 3˚C/min, injector and detector temperatures : 220˚C and 235˚C, respectively. GC/MS: Analyses were carried out on Hewlett-Packard gas chromatograph, Model 6890 in following conditions: HP5 column (30 m × 0.25 mm, 0.25 mm film thickness); carrier gas: He, injection in Split mode (1/10); injector and detector temperatures: 250˚C and 320˚C, respectively. The MS was used in the electron impact mode (70 eV), ion temperature source: 230˚C, mass scan mode, m/z: 33 -450, The identification was carried out by the calculation of Retention Index (RI) using n-alkenes and a comparison with available mass spectral data [20, 21] .
RESULTS AND DISCUSSION
The oil yield and physic-chemical characteristics of the five Eucalyptus species are reported in Table 1 . The essential oils yields vary from 0.20% to 0.70%. The refraction indices and the densities observed were in conformity with those usually observed for oils of Eucalyptus in the literature [7] . Table 2 shows the composition as single components present in the five species of Eucalyptus. Eucalyptus camaldulensis oil was found to contain 43 constituents with individual contents ≥0.1%. The major constituents were β-pinene (28%, 92%) and α-phellandrene (19%, 65%) followed by para-cymene (9%, 56%), α-pinene (8%, 0.4%), γ-terpinene (7%, 9%). These results are different with those of the previous studies on the chemical type of E. camaldulensis from Argentina [11] , Australia [18] , Marocco [14] , Mozambique [9] , Côte d'Ivoire [10] , Ethiopia [19] and Democratic Republic of Congo [12] . Eucalyptus torelliana oil was also found to contain 41 constituents. The major constituent is α-pinene (42%, 85%) followed by β-caryophyllene (14%, 5%) and β-pinene (7%, 11%). Forty four constituents were identified in E. urophyla oil. The major constituents of this oil were γ-terpinene (22%, 7%), para-cymene (17%, 4%), β-pinene (14%, 9%), α-phellandrene (8%, 89%) and α-pinene (6%, 98%), From E. grandis oil we have identify 37 constituents. The main major constituents of E. grandis oil are α-pinene (37%, 84%), β-pinene (15%, 53%) followed by limonene (5%, 98%) and para-cymene (5%, 24%). Forty six constituents were identified in E. deglupta essential oil with three major constituents: α-phellandrene (42%, 25%), para-cymene (20%, 95%), γ-terpinene (8%, 12%). In this study α-pinene and β-pinene was found in E. grandis and E. torelliana as the major components. As shown in Table 3 and Table 4 , the main constituents of E. grandis and E. torelliana essential oils were similar to that of the same species investigated respectively by Dagne et al. from Ethiopia [19] , Loumouamou et al. from CongoBrazzaville [17] . In Table 3 , α-pinene is one the main components who is present in the samples from Brazil (40%, 55%; 24%, 7%), Morocco (14%, 64%), Nigeria (30%, 4%) and Ethiopia (44%, 7%). However, there is predominance of monoterpene hydrocarbons in the essential oils of E camaldulensis, E. urophyla and E. deglupta from Côte d'Ivoire while oxygenated monoterpenoids were in abundance in the samples of E. camaldulensis from Argentina, Australia, Morocco, Mozambique, Côte d'Ivoire, Ethiopia, Democratic Republic of Congo. The oxygenated monoterpenoids were also in abundance in the essential oils of E. deglupta from Democratic Republic of Congo and E. urophyla from Democratic Republic of Congo, Brazil, Ethiopia.
